Abstract This paper proposes two new relations of dependence of log dynamic viscosity depending on log absolute temperature shear rates between 3.3 and 120s -1 . The constants A, B, and C were determined by Origin 6.0 software by fitting linear or polynomial curves obtained from experimental data. The two proposed relationships give correlation coefficients close to one.
Introduction
In the food industry, viscosity is one of the most important parameters required in designing the technological process. On the other side, viscosity is also an important factor that determines the overall of the system stability [1, 2] .
Two, three and multi-constant formula have been proposed for the representation of liquid viscosity as a function of temperature by numerous researchers [4, 6] . Giap derived an equation to replace the well-known Arrhenius-type relationship. He used six vegetable oils to test his model and to prove its accuracy [3] . A functional form describing the effect of temperature (t) in ºC on liquid viscosity (η) in cP was proposed by Thorpe [4] . Threeconstant form to describe liquid viscosity as a function of temperature was proposed by De Guzman [15] . A three-constant representation was also proposed by Vogel [15] . In addition, a polynomial form was proposed by Reid [2, 6, 14] . A new formula to represent the dynamic viscosity data as a function of temperature was utilized by Danner [2, 8, 13] . Abramovic used modified versions of the Andrade equation to describe the dependence of dynamic viscosities of some of vegetable oils on temperature [2, 5, 9] . In addition, Abramovic suggested new forms to represent the dynamic viscosity data as a function of temperature which has been also used by several investigators [2, 7, 9 -12] . Two-constant formulas describing the effect of temperature on dynamic viscosity were proposed by Abramovic:
where η is the dynamic viscosity in cP, T is the temperature in K, t is the temperature in degrees Celsius. A and B from equations (1) and (2) are constants. Abramovic presented the values of these constants for olive oil [11] [12] [13] [14] [15] [16] . Sunflower oil is a non-volatile oil obtained by compressed from sunflower (Helianthus annuus) seeds. Sunflower oil contains predominantly trialkylesters (48-70%) of the following acids: oleic (14-40%), palmitic (4-9%) and stearic (1-3%) [1, 2] . Depending on the fatty acid profiles, sunflower oil is classified as high linoleic (>=69% linoleic acid), high oleic (>=82% oleic acid) and mid oleic respectively. The sunflower oil viscosity decreases with increasing temperature, shear rate and composition.
The variation in the unsaturated fatty acids profile is strongly influenced by both genetics and climate. This paper proposes two new mathematical relationships to study the rheological behavior of sunflower oil. Parameters equations and correlation coefficients were determined with an error of ±1%. The purpose of this study was to find a linear or polynomial dependence between temperature and logarithm dynamic viscosity of sunflower oil using Andrade equation changes. Equation constants A, B and C were determined by fitting linear or polynomial.
Experimental
Sunflower oil is liquid at room temperature and has the following characteristics: smoke point (refined): 232 °C, smoke point (unrefined): 227 °C, density (25 °C): 917 kg/m 3 , refractive index (25 °C): 1.473 [3, 4] .
The rheological behaviour of sunflower oil was determined using a Haake VT 550 Viscotester developing shear rates ranging between 3 and 1312 s -1 and measuring viscosities from 10 4 to 10 6 mPa.s when the HV 1 viscosity sensor is used. The temperature ranging was from 313 to 363K and the measurements were made from 10 to 10 degrees. The accuracy of the temperature measurement was ± 0.1°C. Figure 1 shows dependency of the log dynamic viscosity on the logT for studied sunflower oil at shear rate 3.3s -1 , 6s -1 , 10.6s -1 , 17.87s -1 , 30s -1 , 52.95s -1 , 80s -1 and 120s -1 . This study proposes two correlations (Eq.3 and 4) log dynamic viscosity according to the log temperature absolute for sunflower oil. We used the computer program Origin 6.0 to determine the constants A, B and C and the correlation coefficients, R 2 . The values of constants A, B and C were determined by fitting linear or polynomial curves obtained for sunflower oil. The dependency of log dynamic viscosity on the log absolute temperature for sunflower oil at shear rate 3.3s -1 , 30s -1 , 52.95s -1 and 80s -1 (the black curves from Fig. 2, 3, 4 and 5) was fitting linear as shown in figures 2, 3, 4 and 5. The linear dependence of log dynamic viscosity on the log absolute temperature for sunflower oil at 3.3s -1 is described for equation (3) Fig. 5 . The correlation log dynamic viscosity on the log absolute temperature at 80s -1 for right to H and 1H represents the linear fitting to H Table 1 shows the value of parameters of the described by equation (3) sunflower oil and correlation coefficient, R 2 . As shown in Table 1 parameter A decreases with increasing shear rate, the parameter B has values close all shear rates and correlation coefficients are close to unity. The root mean square error means that experimental data is spread equation.
Results and Discussions
The dependency of log dynamic viscosity on the log absolute temperature for sunflower oil at shear rate 3.3s -1 and 52.95s -1 (the black curves from Fig. 6  and 7) was fitting polynomial as shown in figures 6 and 7. The polynomial dependence of natural log dynamic viscosity on the absolute temperature for sunflower oil at 3.3s -1 is described for equation (4) log dynamic viscosity lo g a b so lu te te m p e ra tu re B P o ly n o m ia l D a ta 1 B Fig.6 . The correlation log dynamic viscosity on the log absolute temperature at 3.3s -1 for curve to B and 1B represents the fitting polynomial to B Table 2 shows the value of parameters of the described by equation (4) sunflower oil and correlation coefficient, R. As Table 2 shows correlation coefficients are close to unity at all shear rates. Fig.7 . The correlation log dynamic viscosity on the log absolute temperature at 52.95s -1 for curve to G and 1G represents the fitting polynomial to G 
Conclusions
The dynamic viscosity of sunflower oil was determined at temperatures between 313 and 373K and shear rates between 3.3s -1 and 120s -1 . This paper proposes two new correlation log dynamic viscosity to the log absolute temperature. The values of constants A, B and C and the correlation coefficients were determined by linear and polynomial fitting of the experimental curves using Origin 6.0 software. The correlation coefficients prove a good fitting between experimental and predicted values.
